Several Studies demonstrate that North Atlantic Oscillation (NAO) influences variability of climate over Europe. As NAO is has significant influence on climate of Europe during boreal cold season (November to April), we use the centers of action approach for the study of summer precipitation (June to August) variability over Europe, taking into account variations in the components of the NAO North Atlantic Oscillation (NAO), the Azores High and the Icelandic Low pressure systems. This study shows that north-south shifts of the Azores High has significant impact on interannual variations of summer precipitation over North West Europe, there being more precipitation when the Azores High shifts southward versus when it is northward. Thus this article demonstrate that when the Azores High system is to the south there is flux of moist and warm air from the Atlantic into NW Europe. We present a regression model for summer precipitation over North-west in which the Azores High latitude and the Icelandic low longitude are independent variables and it explains 53 percent of the variance of precipitation during 1952-2002, a significant enhancement over the NAO value of R 2 = 0.10.
Introduction
North Atlantic Oscillation (NAO) is the most prominent and persistent pattern of atmospheric variability over middle and high latitudes of the Northern Hemisphere. It refers to swings in the atmospheric sea level pressure difference between Arctic and subtropical Atlantic that are most perceptible during boreal cold seasons (November to April) and linked with changes in the mean wind speed and direction [1] [2] [3] [4] . Such changes alter the seasonal mean heat and moisture transport between the Arctic and the neighboring countries, as well as the intensity and number of storms, their path and their weather. Therefore, NAO has been identified as one of the five principal research areas of the DecCen component of CLIVAR [5] .
However, NAO is a useful concept to explain the variability of precipitation during winter season; it is less useful during summer, as the Icelandic Low ceases to be important [6] . Therefore, several studies even employ winter NAO for describing the summer precipitation variability [7, 8] . This article investigates possible role of Azores High on precipitation over Europe during the summer season. In this paper, centers of action approach [9] [10] [11] is employed for the mentioned purpose. The centers of action (COA) which are the large semipermanent pressure systems seen in the global distribution of sea level pressure [12] , such as the Azores High or the Icelandic Low, dominating the atmospheric circulation over a large region. Each COA is characterized by three indices: the longitudinal and latitudinal positions of its center of gravity and its central pressure. Hence, in contrast to the NAO, the COA approach makes use of the information on position as well as pressure. It therefore provides additional degrees of freedom so as to more directly explain the interannual variations of summer precipitation over Europe. In fact, this paper examines how the intensity and position of Azores High as well as Icelandic Low have impact on precipitation during summer seasonan.
calculating objective COA indices for the monthly averaged pressure, latitude and longitude of the Icelandic Low pressure, the Azoress High pressure and Siberian High pressure systems as described by [13] . NAO, AO and SOI monthly indices are available at the Climate Data Center, National Center for Environmental Prediction.
Method
As we know that the NAO index is defined by measurement of the pressure difference between the Icelandic Low and Azores High at two fixed locations, Lisbon, Portugal and Stykkisholmur, Iceland. However, it is known that these two pressure systems have extended structures that migrate considerably and their motions are not entirely coupled. As such, a better estimate of influence of atmospheric pressure fluctuations on the climate variability in this region can be attained through a more quantitative assessment of the fluctuations in the pressure and locations of Icelandic Low and Azores High. Each of these COA exhibits a characteristic seasonal cycle. During winter the Icelandic Low and the Azores High are most pronounced. In summer the low-pressure center weakens, and the Azores High dominates. In addition to a weakening and strengthening of the pressure centers, there is also displacement; for example, in summer the Azores High moves to the northeast compared to the summer season. The position and the strength of each COA are captured by three indices representing its longitude, latitude, and pressure. Recently, this approach has successfully been used to explain the role of the movement and intensity of individual atmospheric COAs on such varied biogeochemical systems as copepod abundance [14] , the variation in the location of the Gulf Stream [15] the variability of the transport of African dust [16] , impact of Indian Ocean High pressure on precipitation over Western Australia [17] and influence of Azores High on Middle Eastern Rainfal [18] .
The pressure index I p is defined as an area-weighted pressure departure from a threshold value over the domain (I, J):
where P ij,t is the SLP value at grid point (i, j)average over a time interval t, in this case monthly SLP values are taken from NCAR, P t is the threshold SLP value (P t = 1014 mb for Azores High and Icelandic Low),  ij is the latitude of the grid point (i, j), M = 0 for the Azores High and for the Icelandic Low.  = 1 if (−1)
M (P ij,t − P t ) < 0, this ensures that the pressure difference is due to an Azores High or Icelandic Low system. The intensity is thus a measure of the anomaly of the atmospheric mass over the section (I, J).
Similarly, the latitudinal index is defined as:
and the longitudinal index I ,t . We first calculate seasonal average of summer precipitation for the months from June to August over the European region bounded by 30˚N -70˚N and 10˚W -30˚E at each grid point. We next compute correlation of summer precipitation at each grid point over Europe with NAO and COA indices (Azores High pressure, Azores High latitude, Azores High longitude, Icelandic Low pressure, Icelandic Low latitude, Icelandic Low longitude). The purpose is to identify regions where a significant amount of variation can be possibly explained by further study.
Next we identify the indices with large contributions that could be significant. Correlations are calculated among the Centers of Action (CAO) indices. Only mutually independent indices are considered for further investigation. Thus, significant independent COA indices are identified for the construction of a linear regression model of summer precipitation of north Europe.
Results
We construct the correlation maps for examining the influence of NAO as well as COA variables on summertime (JJA) precipitation with p = 0.05. NAO has significant relation with summer precipitation in some places in England and Ireland (see, Figure 1 ). However, Figure 2 also shows that summer precipitation over a large region of north-west Europe is strongly correlated with Azores High Latitude (see, Figure 2 ). Therefore, we select the region (10˚W -8˚E, 44˚ -58˚N) in north-west Europe for the further analysis of summer precipitation Then, we next compute correlations between six indices of COA (Icelandic Low latitude, Icelandic Low longitude, Icelandic Low pressure, Azores High pressure, Azores High latitude, Azores High longitude), AO, Nino34 and NOA with the mean of summer precipitation for the region of north-west Europe.
The average summer precipitation over Northwest Europe (10˚W -8˚E, 44˚ -58˚N) is strongly correlated with NAO, AO, Nino 3.4, Icelandic Low pressure, Icelandic Low longitude, Icelandic Low latitude, Azores High longitude and Azores High latitude (see Table 1 ).. From the correlation coefficients, we find that summer Icelandic Low latitude and Azores High latitude have highest correlation coefficients −0.70 and −0.69 respectively while To examine the variable which has dominant influence on summer precipitation over NW Europe, we compute the partial correlation coefficients for NAO index, AO index, Nino34, Azores High Longitude and summer precipitation. The partial correlation coefficients report the contribution from a given index on the winter precipitation while holding all other independent variable fixed. As shown in Table 2 , Azores High latitude and winter precipitation are correlated 95% percent confidence level, when these indices are held fixed. Thus the partial correlation, r = −0.57, which shows that the position of Azores latitude has a direct and significant effect on the summer precipitation over NW Europe. Similarly, the partial correlation between AO index and the precipitation is −0.32, keeping other variables as fixed. However, the partial correlations between NAO index the precipitation and between Nino34 and precipitation are not significant. Thus it shows that Azores High latitude has dominant influence on summer precipitation over NW Europe.
As Icelandic Low longitude and Icelandic Low latitude has not significantly correlated (correlation between them is −0.11), we construct a linear model of summer precipitation over NW Europe using these two variables. 
R
2 for the region is 0.53, a significant enhancement over the NAO value of R 2 = 0.10. By separating the NAO index into COA components, we have been able to isolate the main variable related to the precipitation and thus improve our regression model by 43% over the fit to the NAO data alone. The regres- (Figures 3-4) .
The pressure composite for the years of extreme south minus extreme north of Azores High at 850 mb is shown in Figures 7. This figure shows that there is anomalous low pressure band extends over North Atlantic and western Europe. Figure 8 shows the vector wind differences at 850 mb between the winters in which the when Azores High latitude was located to extreme south. There is anomalous cyclonic flow Over Northern Atlantic and NW Europe. We know that the seasonal mean cyclonic anomalies represent greater frequency of synoptic scale storm in the region. As shown in Figure 9 , when Azores High latitude was located to extreme north, vector wind anomaly shows that there is anomalous anticyclonic flow over Northern Atlantic and NW Europe. We know that the seasonal mean anticyclonic anomalies represent greater frequency of blocking episode in the region. Thus our analysis confirms that regional circulations of the atmosphere and the ocean are consistent with the empirically determined relationship between summer precipitation and Azores High latitude.
Mechanisms for the Relationships between Azores High Latitude and the Precipitation Variability
In this section we present evidences that regional circulations of the atmosphere and the ocean are consistent with the empirically determined relationships. We construct different composites with the phase of Azores High latitude using NCEP/NCAR Reanalysis monthly averaged fields of winds, pressure and humidity. Figure 5 shows composite mean of 850 mb vector wind for 10 years when Azores High latitude was located to extreme north (dry over north-west Europe). The strong jet is located at 50˚N. While, Figure 6 shows composite mean of 850 mb vector wind for 10 years when Azores High latitude was located to extreme south (more rain over north-west Europe). The jet is displaced southward by 5˚N. There is direct westerly flow over north-west Europe. When the Azores High system is to the south there is flux of moist
Conclusions and Discussion
The North Atlantic Oscillation has been considered the In the results presented in this paper we see that the four criteria listed by Wallace are satisfied and that would favor the NAO as the better paradigm. However, the correlation of precipitation over NW Europe with the NAO is smaller than with the AO. The results presented in this paper show that this is because the NAO definition, as traditionally defined, does not include the interannual variations in the sea level pressure distribution in the north Atlantic. The north Atlantic is the dominant influence on of precipitation over NW Europe, but the relevant dynamics cannot be represented by time variations of affixed pattern such as an EOF, a formalism that can be used to define the NAO and AO.
This article suggests that the north-south fluctuations of the Azores High is a dynamical mode of tropospheric variability which is not adequately represented by either the AO or the NAO paradigms. This is because both the AO and the NAO are defined as EOFs (Wallace, 2000) . However, a major limitation of the EOF method is that it seeks to find a time independent pattern in the data field, and gives the principal component as the time variation of the fixed pattern. We suggest that the COA is a better paradigm in comparison with NAO or NAM for understanding regional variations.
